We use the results from the Wilkinson Microwave Anisotropy Probe (WMAP) for the locations of peaks and troughs of the Cosmic Microwave Background (CMB) power spectrum, together with constraints from large-scale structure, to study a quintessence model in which the pure exponential potential is modified by a polynomial factor. Our analysis, in the (Ωm, h, ns) cosmological parameters space shows that this quintessence model is favoured compared to ΛCDM for ns ≈ 1 and relatively high values of early quintessence; for ns < 1, quintessence and ΛCDM give similar results, except for high values of early quintessence, in which case ΛCDM is favoured.
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Recent cosmological observations suggest that the dynamics of the Universe at the present is dominated by a negative pressure component, called dark energy. Various possibilities for the nature of this dark energy have been considered, notably the cosmological constant and quintessence, a dynamical scalar field leading to a time-varying equation of state parameter, w φ ≡ p φ /ρ φ . These models most often involve a single field 1 or, in some cases, two coupled scalar fields 2 . Other possibilities for the origin of dark energy include the generalized Chaplygin gas proposal 3 and Cardassian models 4 . In order to unravel the nature of dark energy, it is crucial to use observations so as to be able to discriminate among different models. In particular, the existence of a dark energy component affects the structure of the CMB power spectrum, which is particularly sensitive to the amount of dark energy at different epochs in cosmology. For instance, the locations of peaks and troughs depend crucially on the amount of dark energy today and at last scattering as well as the dark energy time-averaged equation of state, which are model-dependent quantities 5 . Hence, one can use the high-precision measurements recently obtained by the BOOMERanG 6 , MAXIMA-1 7 , Archeops 8 and, in particular, WMAP 9 observations to constrain dark energy models.
We study the effect of a dark energy component defined by the quintessence potential 10 V (φ) = A + (φ − φ 0 ) 2 e −λφ on the location of the first three peaks and the first trough of the CMB power spectrum. We have also analyzed the consequences of cluster abundance constraints 11 on σ 8 , the rms density fluctuations averaged over 8h −1 Mpc spheres. This M-theory motivated potential leads to a model with some interesting features, namely there are two types of attractor solutions giving rise to an accelerating universe today, corresponding to permanent or transient acceleration 12 . Transient vacuum acceleration is a particularly appealing scenario that would also solve the apparent incompatibility between an eternally accelerating universe and string theory, at least in its present formulation, given that string asymptotic states are inconsistent with spacetimes that exhibit event horizons 13 .
We should emphasize that restricting the analysis of the CMB power spectrum to the positions of peaks and troughs, rather than considering the structure of the whole spectrum, turns out to be a simple but very powerful tool in constraining the model parameters due to the high accuracy with which these positions are now determined, particularly after WMAP results. One should also notice that, although our study is limited to the (Ω m , h, n s ) parameter space, we expect (and have, to some extent, checked) that these are the most influential parameters; of course, Ω b h 2 can also be important although not within the rather strict WMAP error bars, Ω b h 2 = 0.0224 ± 0.0009 9 . In our study 14 , we used the accurate analytic approximations given by Doran and Lilley 15 for the positions of the first three peaks and first trough. Notice that although those formulae were obtained using a standard exponential potential, one expects the results to be fairly independent of the form of the potential unless it is qualitatively very different from the exponential potential before last scattering.
We found that the dependence of the peaks locations on parameter A is extremely small and can be safely neglected. As should be expected, changes in A in order to get the transient or permanent acceleration regimes do not alter the analysis since the two regimes do not differ significantly until the present, and therefore peak positions should not be affected. For each value of λ and A, φ 0 is chosen such that Ω tot = 1. Hence, the model's behaviour depends essentially on parameter λ, which measures the amount of "early quintessence" 16 ,the average fraction of dark energy before last scattering (Ω ls φ ∼ 3/λ 2 ). A lower bound on λ already exists from standard Big Bang Nucleosynthesis (BBN) which implies Ω φ (MeV) < 0.045, or, considering a possible underestimation of systematic errors, the more conservative result Ω φ (MeV) < 0.09 17 ; these bounds require, respectively, λ > 9 and λ > 6.5 for the model we are considering.
We conclude that, with n s ≈ 1, the ΛCDM model becomes increasingly disfavoured compared with this quintessence model as the amount of early quintessence becomes higher (λ ∼ < 15). For n s < 1, the opposite is true i.e ΛCDM is favoured as compared to quintessence if λ ∼ < 15. Notice that, as λ increases (λ ∼ > 18), independently of the value of n s , the model's results become comparable to ΛCDM's, as should be expected sinceΩ ls φ decreases. Moreover, quintessence is distinguishable from ΛCDM only for h < 0.73 and n s ≈ 1.
Finally, we would like to mention that the non-negligible fraction of dark energy at last scattering and during structure formation we obtain for this model, typical of early quintessence models, will lead to suppressed clustering power on small length scales as suggested by WMAP/CMB/large scale structure combined data 16 . support.
